Introduction
There is an enormous increase in power transaction due to power system renovation and different factors such as environmental, right-of-way and high cost, which forms the hurdle for the expansion of power transmission network. With the advancement in flexible Ac transmission system (FACTS), several innovative concepts turn the system into more flexible and have control over power flow without altering the generation schedule. Optimal location identification and allocation of FACT devices improve various parameters of the system [1] , [2] . FACT is based on power electronics and other stationary tools which control one or more parameters of AC transmission system thereby increasing the power transfer capability and controllability [3] . Various FACT tools has been used for this purpose such as static Var compensator (SVC), static synchronous compensator (STATCOM), static synchronous series compensator (SSSC), thyristor controller series capacitor (TCSC), unified power flow controller (UPFC) and interline power flow controller (IPFC) [4] .
IPFC combines two or more FACT controllers in series and can control power flows of a group of lines and sub-networks. On the other hand the UPFC can control power flow of single transmission line only. The IPFC also has the capability to directly transfer real power between compensated lines and transfer power demand from over loaded to under loaded lines [5] , [6] . To solve power system state estimation problem Taguchi differential evolution algorithm is used. For improving the accuracy and reliability of state estimation problem the positive properties of Taguchi method is combined with the differential evolution [7] . Application of differential evolution algorithm for transient stability with different constrains to get optimal power flow has been introduced by Cai et al [8] . A modified differential evolution algorithm with fitness sharing for increasing the stability, reduce overload and voltage violations of power system [9] . A particle swarm optimization (PSO)-based algorithm is used to estimate exact location and sizing of unified power flow controller to perform congestion management. The impact of load variations, system reliability and congestion cost of the system has been studied [10] . Automatic human motion tracking in video sequences using PSO technique is proposed by Sanjay et al [11] . Computer vision and pattern recognition is used to identify the motion of human and high search space is used for high variability in human appearance.
CS algorithm is the nature inspired algorithm for optimization heuristics to solve difficult optimization problems. The obligatory brood parasitism with levy flight is a unique behavior of CS algorithm [12] . Comparison of several FACT devices using CS algorithm for three unequal areas of thermal systems has been studied in [13] . Distributed network reconfiguration for power loss minimization, load frequency control, voltage profile improvement for nonlinear interconnected power system using CS algorithm has been studied [14] , [15] . Multi-objective short-term scheduling and non-convex economic dispatch considering system characteristics including valve-point effects, multiple fuels, prohibited zones and power loss using CS method has been studied [16] , [17] . Line utilization factor (LUF) is used to determine the percentage of loading by DOI: 10.9790/1676-1104013343 www.iosrjournals.org 34 | Page considering real and reactive power flowing in the line [18] . LUF is used for estimating congestion of a single transmission line whereas IPFC is connected to multiple transmission lines. Hence LUF is not sufficient for estimating the location of IPFC In the above survey, no generalized approach is available for placing any FACT devices. Number of methods has been formalized for finding the optimal location for a particular type of FACT device. In this paper, the optimal location of IPFC is estimated by subtracting LUFs between two lines and the line pairs are ranked based on congestion and the priority has been allotted. The optimal tuning of IPFC is carried out by formulating a multi objective function. The multi objective function includes minimization of load voltage deviation, Maximization of VSM and reduction of active power loss. Optimal tuning is done to reduce loss and which in turn leads in reduction of transmission line congestion. The performance of CSA has been compared with two other optimization techniques such as particle swarm optimization (PSO) and differential evolution algorithm (DEA) under IEEE 30-bus test system. The performance of proposed method is tested under different loading conditions. The remainder of this paper is organized as follows: section 2 describes the modeling of IPFC; section 3 describes optimal sizing of IPFC, section 4 explains about optimal allocation of IPFC, section 5 describes the proposed CSA algorithm; section 6 explains the simulation results and discussion; and finally, conclusion is discussed in section 7.
II.

Model of IPFC
The basic schematic of IPFC is shown in Fig. 1 . It consists of at least two back-to-back DC-AC converters connected through a common DC link and the DC link between each VSC can be represented by bidirectional link, for exchanging active power between them [19, 20] . The bus i,j and k has the complex voltages V i , V j , and V k and the series compensation of series converter voltage, Vse in is the controllable series injected voltage source which can be defined as 
Similarly the real and reactive power flow from n th bus, P ni and Q ni can be expressed as:
According to the principle operation of IPFC [19] the active power can be exchanged between VSCs through DC link is given as: 
III. Optimal Sizing of IPFC
The optimal sizing of IPFC minimizes load voltage deviation (LVD), active power loss and total capacity of installed IPFC. Optimal sizing is determined by formulating an objective function.
Fig. 2. Equivalent circuit of IPFC.
Objective Function
The multi objective function can be described as:
Where w i is the weight factor of individual objective function, i=1,...,3. The weighting factor is used in the objective function to replicate its relative importance. In this work, all the individual weighting factors are considered as equal. So that w 1 + w 2 + w 3 =1.
Minimization of load voltage deviation
The voltage deviation at each bus should be as small as possible and the LVD for each bus can be expressed as [17] :
where V i magnitude of voltage at bus i.
Active power loss reduction
The first objective function is the active power loss reduction and it can be applied based on [13] as:
where P Gj is the active power generated by the j-th generator with the constraint Gjmiax Gj Gj P P P   min and P Li is the active power consumed by the i-th load bus with the constraint
Maximization of VSM
The Maximum Loadability Index (MLI) define the voltage stability margin. The risk of voltage collapse can be reduced by increasing the value of MLI and it leads to increase the voltage stability margin. The MLI can be determined based on [39] and it can be expressed as:
where R jk is the resistance and X jk is the reactance between the bus j and k. P jk and Q jk are the real and reactive power flow between the bus j and k respectively. When load increases, the value of MLI decreases and the third objective function can be expressed as:
where N is the number of buses. 
Minimization of total capacity of IPFC
It is necessary to determine the total capacity for solving overloading of line. The total capacity of placed IPFC in the optimal location can be expressed by the multi-objective function as [21] : (12) where PQ is the capacity of each VSCs of IPFC. The eqn. (12) is subject to various constraints given in the following sub section.
Contingency Constraints
The main objective of this study is to determine the optimal location of IPFC and congestion management for enhancing the power system security. Contingency event occurs if the outage of a generator or transmission line becomes unstable. The preventive and/or corrective action should be taken before the transmission line enters into an insecure state. Contingency analysis is one of the important functions to solve this state. In this paper, we considered multiline outage contingencies for IEEE 30-bus test system. We 
IV. Optimal Allocation of IPFC
LUF is used to determine the percentage of utilization of a line and estimate the congestion efficiently [21] . It can be expressed as:
where LUF ij , MVAij, MVAijmax are the LUF of the line connected to bus i and j, MVA rating of the line between bus i and bus j, maximum MVA rating of the line between bus i and j respectively. LUF is not sufficient for placing the IPFC because it is required that at least two lines should be connected to a common bus. Hence another approach is proposed for optimal placement of IPFC. In this approach the difference between utilization of lines (SLUF) are considered and it provides the difference in the percentage of line being utilized for the power flow. SLUF specify that there is a possibility of active power exchange between the IPFC converters as a result exact allocation of IPFC is done. SLUF can be expressed as: (14) where SLUF (ij)-(ik) , MVA ij , MVA ik , MVA max are the SLUF of the line set i-j and i-k, MVA rating of the line between bus i and bus j, MVA rating of the line between bus i and bus k, and the maximum MVA rating of the lines connected between bus i and bus j respectively.
V.
Overview of CSA CSA obliges brood parasitism of cuckoo species by laying their eggs in the host birds' nests. CSA is a stochastic global search meta-heuristics with random walk based on population. This algorithm is a mixture with the Levy flight behavior of some birds [22] and motivated us to calculate the location and other parameters such as overloaded lines, voltage violation limit, and congestion management of IPFC. CSA follows three important rules which are: 1) each cuckoo can choose the location randomly and lay their eggs one at a time. 3) The host nest number cannot be adjustable and the egg laid by the cuckoo can be founded by the probability P d ε (0,1) proposed in [23] . At first, the objective function value F i (x) for the i-th population is n 1,2,..., ), x ,....,
where n is the number of control variables and m is the total number of populations. It can be expressed as: The size of population of the each control variable can be randomly generated as:
where i is the number of host nests; i=1,2,3,....,n and j is the number of control variables; j=1,2,3,...,m. x are the lower and upper limits of i-th control variable respectively. rand(0,1) is uniformly distributed and the solution of parameter estimation is feasible because they are initialized within the feasible range and we have to find the optimal one. For generating new solutions levy flight is performed [23] . For calculating the location and setting other parameters of IPFC we have chosen simple scheme where each nest has only one egg. The Cuckoo, K generates a new solution X k (t+1) using Levy flight is based on the following equation:
Where SZ ij is the step size (
, β represents the step size and we assume that the step size is 1 and  represents the entry wise multiplication. Equation (17) shows that the stochastic equation for random walk. Random walk is based on Markov chain whose next status depends on the current location and the transition probability. CSA has high speed of convergence compared to other optimization techniques such as PSO and DEA. The success rate and efficiency is also high in CSA. In this paper, a continuous, multi objective optimization problem has been considered for optimal tuning of IPFC and congestion management. Based on the three rules, the optimal tuning using CSA has been given in the flowchart as shown in Fig. 3 . The fitness value of the radial topology can be calculated using eq. (8) . In the simulation the common control parameters such as maximum generation and number of cuckoo are considered as 50 and 20 respectively. The minimum values less than 10 -6 are not included and assumed to be zero. On the other hand the algorithmic control of PSO is set according to [24] and the values C 1 =C 2 =1.8, and ω=0.6 have been used. The generating cuckoos and alignment steps are alternatively performed until it reaches the maximum iteration (It max).
VI. Results and Discussion
To demonstrate the performance and effectiveness of the proposed CSA technique, the standard IEEE 30-bus test systems is considered and the result is compared with two optimization techniques such as PSO and DEA. The simulation was developed using MATLAB R2014a in Intel core i5, 2.3 GHz with 6 GB RAM personal computer. Fig. 4 . The network topology and data for simulating above systems are taken from the University of Washington [25] . The performances of CSA, PSO and DE algorithms are studied together for comparison. Different initial parameters have been used for implementing CSA, PSO and DEA to find the optimal values of IPFC are presented in Table 1 .
Optimal allocation of IPFC
To demonstrate the performance of the proposed CSA technique, a large scale of distributed network with 30 nodes are considered. The initial minimum bus voltage was 0.95 p.u and total load power is 21953.4W. The series inductive reactance is 2.73% p.u. The coupled pi-section inductive reactance is 5.79% p.u, the susceptance is 5.62% p.u, and resistance is 1.89% p.u. The series coupling transformer has 30.32 MVA with leakage reactance is 1.0% p.u, and has a winding ratio of 22.73 kV/9.21 kV.
The voltage limit range of 0.95-1.1 P.U is considered for (easy calculation) determining voltage violation and 100% loading is considered for determining overloaded lines. The total overloaded lines (TOL), total violation buses (TVB), and the priority of the line is presented in Table 2 . Based on these considerations 14 lines comes under severe contingency scenarios. From Table 2 one can easily understand that the line connected between 4 to 5 is most congested lines between the load buses. Hence, the first and second converter of IPFC can be inserted between the lines 25-29 and the line has a bus common with line 25-30respectively. 
Optimal tuning of IPFC
The voltage profile before after utilizing IPFC for IEEE 30-bus system is shown in Fig. 5 . It is observed that after the placement of IPFC the bus voltage of the system has improved significantly.
The multi objective function F(x) is used to tune the IPFC and the values are shown in Fig. 6 . From  Fig. 6 one can easily understand that the number of cuckoo and number of generation increases, the value of objective function decreases. Hence, to minimize computation time, the number of cuckoo can be chosen 50 and number of generation in the range 100 to 400. Comparison of power loss, VD, and capacity of inserted IPFC has been performed for different cases such as un-tuned IPFC, IPFC with PSO-tuned, IPFC with DEA-tuned and IPFC with CSA-tuned under different loading condition are presented in Table 3 The voltage deviation is reduced from 2.53 to 2.31 pu after inserting the IPFC at the optimal location. It is noted that after placing IPFC at the optimal location, the congestion in line 4 and 5 has been reduced from 0.8524 to 0.8382. The real and reactive power loss of the system with and without IPFC and optimally tuned IPFC with PSO, DEA and CSA under different loading conditions is presented in Table 4 . It is observed from Table 4 that the real and reactive power loss is very less using CSA compared with PSO and DEA for all the loading conditions. 
Results for various loading
The voltage profile for the buses after tuning of IPFC using PSO, DEA and CSA under normal loading condition is shown in Fig. 7 . It is noted from Fig. 7 that the tuning of IPFC reduces VD, reduction in loss helps in congestion management of the system and reduction in SM protects the system against collapse. The convergence results of with and without IPFC under normal loading condition is shown in Fig. 8 . The minimum fitness after 106 iterations. Even the initial population set of all the algorithms are equal, the CSA initiate the best solution with the fitness value of 1.031 at the first iteration because CSA generates two solution sets through Levy flights and alignment of eggs. On the other hand, PSO and DEA have the fitness value of 1.106 and 1.091 respectively.
The load is increased to 110% and the simulation is carried out on IEEE 30-bus system. It is noted that when load increase the real and reactive power losses increases. From Table 3 and 4 one can easily understand that optimal placement of IPFC with tuning reduces the loss, VD and capacity of installed IPFC. The voltage profile of 30-bus system without IPFC and IPFC tuned with CSA, PSO and DEA are shown in Fig. 9 . It is observed from Fig. 9 that optimally tuned IPFC performs better than without IPFC. On comparing CSA with PSO and DEA, the CSA method performs better than other two methods. The convergence results of CSA, PSO and DEA under 110% loading condition are shown in Fig. 10 . It is noted that, after 32, 50 and 122 iterations, the CSA, DEA and PSO attain the minimum fitness respectively. The load is increased to 120% and the simulation is carried out on IEEE 30-bus system is shown in Fig. 11 . It is observed from Fig. 11 On comparing CSA with PSO and DEA, the CSA method performs better than other two methods. The convergence results of CSA, PSO and DEA under 120% loading condition are shown in Fig. 12 . It is noted that, after 40, 63 and 140 iterations, the CSA, DEA and PSO attain the minimum fitness respectively. 
VII. Conclusion
In this paper a new method is proposed for proper placement of IPFC based on cuckoo search algorithm. Subtraction of line utilization factor is proposed for optimal placement of IPFC for congestion management. The IPFC is placed according to the value of SLUF with optimal tuning using CSA. Before inserting the IPFC in the optimal location, the percentage of overloading of some line is very high which leads to trip the line and continuous failure in the system and nearby system as well. After utilizing IPFC in the optimal locations, voltage violations are eliminated and overloading is reduced with considerable amount. The performance of CSA is done using IEEE 30-bus test systems and is compared with two other optimization techniques such as PSO and DEA and the results show that the effectiveness of CSA for tuning of IPFC. The multi objective function is formulated and tuned using CSA and the performance shows that tuning of IPFC reduces the real power loss, and voltage violation of transmission lines. In addition, optimal tuning much reduces the capacity of installed IPFC. It is also noted that the performance of the system improved significantly with IPFC.
